Purpose: Estrogens act through interaction with 2 receptor subtypes, ER alpha (ERα) and ER beta (ERβ), in human prostate. The aim of the present study was to semiquantitatively assess the differential expression of ER subtypes in human benign prostatic hyperplasia (BPH) by use of immunocytochemistry (IHC) methods and to explore their relationship with various measures of BPH. Materials and Methods: A total of 45 patients with BPH undergoing transurethral resection of the prostate and 22 patients with bladder cancer with normal prostate undergoing surveillance cystoscopy were studied as cases and controls, respectively. Quantitative immunolabeling of ER subtypes was scored by use of a semiquantitative scale. Also, correlations were assessed between ER levels in prostate and various measures of BPH. Results: Overall, we found strong immunostaining for ERα in stroma and for ERβ in epithelium, respectively. The IHC score for ERα differed significantly between BPH patients and controls in both stroma (p≤0.001) and epithelium (p=0.008), respectively. The ERβ IHC score was also significantly higher in the epithelium of BPH patients (p=0.01). Also, we found a significant correlation between prostatic ER levels and various clinical measures of BPH. Conclusions: ERs may play an important role in the pathogenesis of BPH.
INTRODUCTION
The exact etiology of benign prostatic hyperplasia (BPH) is still not fully elucidated. It is known, however, that complex epithelial-stromal interactions in the setting of a f itting hormonal milieu are responsible for BPH development [1] . Estrogens have long been suspected to play an important role in prostate growth, but their role is incompletely understood [2, 3] . Estrogenic action is mediated Immunohistochemical analysis of estrogen receptors in prostate and clinical correlation in men with benign prostatic hyperplasia expression of receptor subtypes in BPH specimens as well as cell cultures [8, 10, [15] [16] [17] .
Recent work with knockout mice models has been invaluable in understanding the specific roles of ERα and ERβ in prostate growth and differentiation [4, [18] [19] [20] [21] . The current evidence suggests a proliferative role for ERα and an antiproliferative role for ERβ. Royuela et al. [10] investigated the differential expression of ERα and ERβ by using immunohistochemistry (IHC) methods and assessed ER levels in normal, hyperplastic, and carcinomatous prostatic tissue. However, quantitative data are still sparse and lacking regarding the expression of ERs, and the relationship between receptor levels and measures of BPH and lower urinary tract symptoms (LUTS) have not been explored previously.
We hypothesized that ER levels in prostatic tissue should correlate with the various measures of BPH and LUTS. We used the Ki-67 index assay to objectively quantify cell proliferation. The aim of the present study was to semiquantitatively assess the differential expression of ER subtypes in prostatic tissue in men with BPH by use of IHC methods and to explore their relationship with various clinical measures of BPH.
MATERIALS AND METHODS
This case-control study was conducted in our department after receiving clearance from SMS Medical College, Jaipur ethics committee (IRB No. 1379/MC/EC/2015). A total of 45 patients with a diagnosis of clinical BPH with bothersome LUTS (moderate to severe International Prostate Symptom Score [IPSS] ) undergoing transurethral resection of the prostate (TURP) were included in the study (group A). Informed consent was received from all patients. Exclusion criteria were endocrine disorders, recent or long-term use of any hormonal agents causing androgen manipulation (e.g., dutasteride), significant comorbidities like stroke or neurogenic bladder affecting LUTS, previous lower urinary tract surgery, active urinary tract infections, current indwelling catheter or history of urinary retention within 1 month of inclusion, diagnosis of prostate or bladder cancer, vesical calculus, urethral stricture, and prostate-specific antigen (PSA)>4 ng/dL. Control samples were histologically normal prostatic tissue obtained from 22 patients with bladder cancer without evidence of bladder outlet obstruction who underwent surveillance cystoscopy (group B).
Preoperatively, the patients' medical history and physical examination results, including digital rectal examination and urinalysis, were obtained. Also, BPH-related parameters such as serum PSA, prostate volume, maximal flow rate (Qmax), IPSS, and postvoid residual urine volume (PVR) were recorded. Serum hormonal assays of total testosterone and estradiol were measured in an early morning blood sample. All patients underwent standard TURP. The prostatic tissue chips were sent in 10% formalin for histopathological examination IHC. ER distribution and quantification and Ki-67 were assessed by use of IHC techniques as described below.
IHC procedure
All formalin-fixed prostatic tissues were embedded in paraffin and 5 samples were randomly selected from each prostate. A 5-µm section was prepared from each sample. Sections were further processed by heating at 60 o C-70 o C in an oven for 30 to 40 minutes and dewaxing with xylene and alcohol for 2 cycles of 10-minute duration each. The slides were then deionized in distilled water for 5 minutes and washed in peroxidase solution for 10 to 15 minutes, after which Tris buffer was applied for 5 minutes. Microwave antigen retrieval was carried out by placing the slides in citrate buffer (Retrieval Box; citrate buffer antigen retrieval protocol) in a Decloaking Chamber (Biocare Medical Inc., Concord, CA, USA) at 125 o C. After adequate decloaking and cooling, slides were rinsed with Tris buffer and sections were marked. A total of 3 to 4 drops of Background Sniper (Biocare Medical Inc.) was applied for 15 minutes. The slides were then again washed with Tris buffer.
Primary antibodies were applied for 1 hour and subsequently rinsed with Tris buffer. After application of polymer for 30 minutes, slides were again rinsed with Tris buffer. Diaminobenzidine was applied for 5 minutes and the samples hydrated. After applying hematoxylin for 2 minutes, slides were rinsed and dehydrated with alcohol and xylene for 2 cycles of 10-minute duration and then mounted.
Negative and positive controls were obtained to check the specificity of the IHC procedure. Hypothalamus tissue sections for ERβ and breast cancer tissue for ERα were taken as positive controls (Fig. 1A, B) . For Ki-67, tonsil tissues were taken as positive controls.
Primary antibodies
The following antibodies were used: ERα mouse monoclonal antibody in 1:200 dilution (Acris Antibodies Inc., San Diego, CA, USA), ERβ monoclonal antibody in 1:50 dilution (Acris Antibodies Inc.), and pretitrated mouse monoclonal anti-Ki-67 antibodies (clone MB67, Diagnostic BioSystems, Pleasanton, CA, USA).
ER assay
Quantitative immunolabeling of ER subtypes was scored by use of a semiquantitative scale incorporating both the proportion of positively stained target cells (scored on scale of 0-5) and the staining intensity (scored on scale of 0-3), similar to the Allred score used in breast cancer [22] . The proportion score (PS) was given as 0 (none), 1 (1%), 2 (1%-10%), 3 (10%-33%), 4 (33%-66%), and 5 (>66%). The intensity score (IS) was given as 0 (no staining), 1 (weak staining), 2 (intermediate), and 3 (strong). A sum of PS and IS score of 2 or less was considered negative and all other scores were considered positive. Under 40× magnification, the area with highest intensity was identified. Under 400×, 100 cells were counted per field and the percentage of ER was calculated as the number of positively stained cells per 100 cells counted and an IS also calculated. The total score from 5 sections was summed and a mean score was calculated. Independent scores for ERα in epithelium (EERα) and stroma (SERα) and ERβ in epithelium (EERβ) and stroma (SERβ) were measured.
Ki-67 assay
Similarly, for the Ki-67 assay, after tissue processing, immunoquantification was performed by calculating the percentage of positively stained cells. Each slide was scanned at 40× magnification to locate areas with maximum positive cells. Then at 400× magnification, 1,000 cells were counted, 500 cells from stroma and 500 cells from epithelium, and the Ki-67 index was calculated by counting 500 to 1,000 random nuclei under the light microscope at 400× magnification. Values are presented as mean±standard deviation. BPH, benign prostatic hyperplasia; PSA, prostate-specific antigen; Qmax, maximal flow rate.
Statistical analysis
epithelium. A p-value of <0.05 was considered statistically significant.
RESULTS
Comparison of baseline parameters between BPH patients and controls is shown in Table 1 . The mean (range) age of the patients was 66.1 years (45-80 years) and 64.2 years (55-75 years) in groups A and B, respectively. The serum hormonal profile was similar in both groups (p>0.05). The mean serum total testosterone was 351 and 395 ng/dL in groups A and B, respectively, and serum estradiol was 28 and 22.4 pg/dL in groups A and B, respectively. There was a significant difference in mean prostate size, PVR, IPSS, and Qmax between groups A and B (p<0.01). There was no statistically significant difference in mean PSA between group A (2.05 ng/dL) and B (1.8 ng/dL) (p=0. 10).
IHC evaluation of prostatic specimens by use of monoclonal antibody to ER subtypes demonstrated variable staining patterns in both stroma and epithelium as well as between BPH patients and controls ( Fig. 2A-G) . In group A, positive immunostaining (defined as IHC score>2) for ERα was found in stromal nuclei from 30 prostates (66.7%) and in epithelial nuclei from 27 prostates (60%), whereas in group B, only 4 patients each (18.2%) showed positive immunostaining in stroma and epithelium. Also, positive immunoreactivity for ERβ was observed in epithelial nuclei from 31 prostates (80%) and stromal nuclei from 5 prostates (11%) in BPH patients. In controls, ERβ expression was observed in epithelial nuclei of 12 patients (54.5%) and stromal cells in only 2 patients (9%). Thus, the expression of ER was heterogeneous in both BPH patients and normal controls. Overall, we found that immunostaining was stronger for ERα in stroma and ERβ in the epithelium and the immunostaining was confined mostly to the basal epithelial cells for both ER subtypes. Additionally, we also observed that positively stained cells in both stroma and epithelium tended to cluster together and lie in close proximity (Fig. 2E ).
Immunohistochemistry results
Semiquantitative IHC scoring was carried out as described previously for both ER subtypes in both stroma and epithelium (Fig. 3 ). There was a significant difference in IHC score for ERα between BPH patients and controls in both stroma (p≤0.001) and epithelium (p=0.008), respectively. The ERβ IHC score also was significantly higher in the epithelium of BPH patients (p=0.01). However, we could not find any significant difference in stromal ERβ IHC score between the 2 groups (p=0.28).
Ki-67 assay results
All BPH patients showed positive immunostaining for Ki-67, whereas only 14 patients (63.6%) in the control group were positive. The Ki-67 index was significantly higher in BPH patients than in controls (0.46±0.42 vs. 1.23±1.0, p=0.02).
Pearson bivariate correlation
Among the various clinical parameters, prostate size correlated signif icantly with PSA (p=0.001) and IPSS (p=0.003). PSA also correlated significantly with serum estradiol (p=0.02). Likewise, there was significant correlation between IPSS and Qmax (p=0.01) ( Table 2 ).
There was a significant positive correlation between SERα and age (r=0.37, p=0.013), PSA (r=0.320, p=0.03), prostate size (r=0.51, p=0.001), and IPSS (r=0.32, p=0.03). EERα positively correlated with serum estradiol (r=0.53, p=0.001), serum estradiol/total testosterone ratio (r=0.44, p=0.003), prostate size (r=0.38, p=0.01), and IPSS (r=0.29, p=0.04). EERβ correlated significantly with serum estradiol only (r=0.56, p=0.001). There was a positive correlation between EERβ and serum testosterone but it was not statistically significant (r=0.262, p=0.08). No significant correlation was seen with SERβ. Both EERα and EERβ showed good positive correlation (r=0.25); however, again this was statistically insignificant (p=0.09) (Fig. 4) . These results clearly indicated that ERs (especially SERα) are associated with various clinical measures of LUTS (like IPSS).
DISCUSSION
Localization of ERs in the prostate has been a matter of intense debate as conflicting results have been reported by various researchers. Most animal studies have reported that ERα is primarily localized to the stromal compartment and that ERβ is expressed mainly in the prostatic epithelium [7] [8] [9] [10] [11] [14] [15] [16] 19, 23] . Probable explanations for the variations in results include procedural differences such as the type of tissue studied or the antibodies used [3] . Few studies to date have assessed ER distribution in BPH patients and normal prostate [10, 16, 17] . To understand the role of ERs in prostate biology, it is imperative to study their distribution in human prostate [7] .
We are probably the first to use an IHC-based semiquantitative assay to objectively assess the ER content in the prostate. We found that ERα was distributed in both stromal and epithelial compartments in a significant number of BPH patients (67% and 60% in stroma and epithelium, respectively). In contrast to older studies and similar to a few newer studies, we found ERα expression in some basal
Fig. 2. Immunohistochemical analysis of estrogen receptor (ER) subtypes and Ki-67 expression in prostatic specimens from benign prostatic hyperplasia (BPH) patients (A, C, E, G) and controls (B, D, F, H). (A) Section from BPH specimens shows positive immunostaining (red arrow) for ER beta (ERβ) (H&E, ×40). (B)
Representative area from normal prostate shows absence of ERβ immunostaining (H&E, ×40). (C) Intense ERβ positivity was primarily localized to epithelial nuclei (black pointer) in BPH tissues, whereas (D) nuclear staining was sparse (blue arrow) and seen mostly in epithelium of normal prostates (C, D: H&E, ×400). (E) In BPH specimens, immunoreactivity for ER alpha (ERα) was intensely expressed in both epithelial and stromal compartments. Note the close proximity between immunoreactive epithelial and stromal cells (black pointer and yellow arrow) (H&E, ×400). (F) ERα was expressed with much lower intensity in both stromal and epithelial compartments in controls (H&E, ×400). (G) Abundant nuclear staining for Ki-67 (yellow arrow) was found in BPH specimens, whereas (H) a representative area from normal prostate shows absent staining (G, H: H&E, ×400). epithelial as well as stromal cells [8, 15, 24] . ERβ positivity was seen in 78% of BPH patients in epithelium but was minimally expressed (11%) in the stromal compartment. Royuela et al. [10] found that 30% of patients with BPH had ERβ positivity in epithelium. In contrast, few authors have reported ERβ expression in stromal cells [7, 24, 25] . Compared with the expression in normal controls, expression of both ER subtypes was significantly higher in BPH patients. This differential expression of ERs in both stromal and epithelial compartments may be related to the different role of ERs in prostate growth. The Ki-67 index was significantly higher in BPH patients than in controls. When we compared ER expression in BPH patients and controls, both receptor subtypes were found to be significantly overexpressed in BPH patients with the exception of stromal ERβ. The IHC score for ERα was significantly higher for BPH patients in both stroma and epithelium. The ERβ IHC score also was significantly higher in epithelium of BPH patients. Thus, up-regulation of these receptors provides indirect objective evidence for their possible role in prostatic hyperplasia.
Many studies support the concept that SERα is responsible for estrogen-mediated actions in target epithelial cells [26, 27] . Increased accumulation of estradiol in stromal cells obtained from BPH specimens also suggests a possible role of ERα in BPH [28] . Others found no role of ERα in normal development of the prostate [19] . Studies in estrogen receptor knockout (ERKO) mice have demonstrated that SERα is responsible for estradiol-induced squamous metaplasia in adult prostates [27] . Similarly, studies using α ERKO and β ERKO mice have shown that stromal hyperplasia, epithelial PIN lesions, and inflammatory cell infiltration are mediated through stromal ERα [19] . In our study, in addition to their up-regulation, we also found that SERα showed significant correlations with various measures of BPH like PSA, prostate size, and IPSS. The close association of prostate size and PSA with SERα thus provides a hint to its role in mediating stromo-glandular proliferation, which is a hallmark of BPH. We could not explain the positive relationship between SERα and PSA, as PSA is an androgen-driven gene product. Probably, certain unknown ER-mediated mechanisms do exist that are responsible for up-regulation of AR-controlled genes and products. Although there was no correlation between SERα and the serum estradiol level in our study, ERs can act peripherally independent of serum estradiol levels [4] . Recently, Shapiro et al. [25] also reported localization of ERα in both stroma and epithelium in the fetal prostate. Further complicating the role of ERs in BPH, Risbridger et al. [27] using tissue recombination demonstrated that both epithelial and stromal ERα are required to induce a complete estrogenic response in the prostatic epithelium. More recently, Nicholson et al. [21] using ERKO mice demonstrated that ERα was the key mediator of bladder complications of BPH and that these complications can be prevented by using selective estrogen receptor modulators. We also found very strong associations between EERα levels and various measures of BPH, such as prostate size and IPSS. Notably, significant correlations between serum estradiol and the serum estradiol/total testosterone ratio and EERα levels were also found in our study. We commonly observed a close spatial proximity between ER-positive stromal and epithelial cells, which is an ideal setting for a paracrine mode of communication between both types of cells. Thus, our results do provide some indirect evidence for the important role of ERα in the pathogenesis of BPH and the existence of a complex interplay between epithelial and stromal components. Therefore, we believe that estrogenic action may be primarily mediated by SERα in the pathogenesis of human BPH.
Our findings showed that ERβ immunoreactivity was highest in epithelium and minimally observed in the stroma. Although we found a signif icant correlation between EERβ and serum estradiol, meaningful associations with other measures of BPH could not be derived. Although the available literature suggests ERβ to be the predominant receptor type in prostate, their role remains ill-defined [24] . However, studies using β ERKO mice have provided indirect evidence for the role of ERs in prostate growth. Dupont et al. [20] reported that ERβ probably has a role in normal growth and differentiation of the prostate because no prostate phenotype was observed in β ERKO mice. Similarly, Imamov et al. [29] showed that β ERKO mice had less differentiated prostate. In contrast Krege et al. [30] demonstrated that β ERKO mice do develop prostatic hyperplasia with aging, suggesting a negative role for ERβ in the regulation of glandular epithelial cell proliferation. The role of ERβ in stromal proliferation has shown contrasting results with β ERKO mice and remains inconclusive [18, 20] . In our study, the findings like significant ERβ immunoreactivity in epithelium and its relationship with serum estradiol do suggest that certain unknown mechanisms might be involved in the pathogenesis of BPH, which needs further analysis. Thus, the role of ERβ still merits further analysis and scrutiny for a better understanding of the pathogenesis of BPH.
The presence of multiple isoforms of ERβ further complicates the investigation of this receptor as these ER isoform variants can act as constitutive activators, enhancers, or negative regulators of estrogenic actions. In addition, IHC assays may vary in their sensitivity, technique of antigen retrieval, and ability to detect unknown isoforms [23] . Our study findings demonstrate the differential expression of ERα and ERβ in epithelial and stromal tissues in prostate. Importantly, up-regulation of ERα in BPH patients as well as significant correlation between various measures of BPH and ERα levels in the prostate lends support to the hypothesis that SERα may be the key mediator of estrogenmediated prostatic hyperplasia. Also, EERα and SERα might be complementary in their actions, probably through paracrine effects of estrogens on the prostate epithelium. The role of ERβ in BPH remains controversial and we could not conclusively arrive at any opinion. However, our findings do provide some evidence supporting the notion that estrogen may play a crucial role in the pathogenesis of BPH. Also, this difference in compartmental expression, as well as differential binding of the two ERs for various ligands, enhancers, and coactivators, might explain the differential action of estrogens on the prostate gland and can be targeted for treatment of various prostate diseases in the near future.
However, there were certain shortcomings to our study. First, this was a cross-sectional study and thus the dynamic correlation between the measures of LUTS and estrogen receptors cannot be derived from our study. Second, our study was based on IHC only and thus far-reaching conclusions should not be derived solely based on these results.
CONCLUSIONS
ERα and ERβ are expressed differentially in the stromal and epithelial compartments of the prostate. ERα in stroma appears to be the key mediator of estrogenic action in the prostate. ERs may play an important role in the pathogenesis of BPH.
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